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ABSTRACT 
 
The original study design called for twenty patients.  Fourteen patients with 13 implants 
have thus far been recruited for a prospective proof of principle study to assess the effect of 
addition of Platelet Rich Fibrin (PRF) on interproximal papillary height (I.P.H.) at the restorative 
line angles when used during the second stage uncovering procedure for dental implants. The 
secondary objective of this study was to assess the effect on the height of the direct interproximal 
tissue thickness (I.T.T.) at 6 weeks following uncovering. Implants placed 3 or more months 
prior at Boston University School of Dental Medicine Periodontics Department were scheduled 
to be uncovered by the principal investigator. Second stage uncovering was performed with a 
conventional mid-crestal incision to place standard healing abutments.  PRF membrane(s) were 
inserted around the implants before flap closure in an attempt to augment or thicken the 
interproximal papillary area. The I.P.H. was measured at the four line angles of each abutment at 
the highest aspect of the interproximal tissue immediately following the uncovering procedure 
and at 2, 4 & 6 week intervals. I.T.T. was also measured prior to surgical exposure and at 6 
weeks following the uncovering procedure. Results: The use of PRF membranes around dental 
implants did not significantly improve I.P.H. However, a positive correlation was observed 
between the use of P.R.F and I.T.T.  Further studies are warranted to assess the effect of PRF on 
the peri-implant papillary tissue. 
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Introduction: 
The perception of facial esthetics is a concept that has been re-iterated throughout history 
in different cultures. Facial Masks carved with “ideal” proportions were considered a sign of 
royalty in ancient Egyptian history. During the renaissance period, sculptures and fine arts were 
able to portray and refine the notions of facial and physical beauty. These basic concepts of 
proportionality and facial symmetry have been continually re-introduced and accepted by 
different cultures. 
As a guideline for establishing esthetic proportions, Ricketts (1982) introduced the 
interrelationship between geometrical principles and facial proportions. Both facial and dental 
esthetics were closely related to a proportional constant based on Fibonacci’s numbers. The 
“golden proportions” of 1.618 and its reciprocal 0.618 were suggested as a mathematical 
constant for harmonious facial and dental esthetics. Kokich et al. (1999) demonstrated that 
symmetry of proportions, despite deviations from recommended ideal dimensions, were more 
important to both patients and dentists.  
 
Creation of a natural appearance in an implant restoration is not only dependent on the 
appropriate placement of the implant, but also on the reconstruction of the natural gingival 
architecture around the implant that is in harmony with the adjacent teeth, lip line and the 
patient’s facial features. The interdental papilla plays a major role in this creation. The 
interdental papilla is the triangular area of gingiva occupying the space or embrasure between 
two adjacent tooth crowns which gains its support from the underlying interdental connective 
tissue and below this the crest of bone. As a consequence of periodontal disease or tooth loss, the 
natural contour of underlying bone tends to take a flatter shape, resulting in a depressed papillary 
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profile which in turn leaves a space in the embrasure commonly referred to as “a black triangle.” 
(Compare Figures: 1 & 3) 
  Tooth loss is commonly followed by bone resorption, especially on the buccal with 
concomitant soft tissue recession (Carlsson et al. 1967, Nevins et al. 2006) including the 
interproximal area. A variety of soft tissue augmentation procedures have been introduced to 
regenerate this lost tissue papilla volume. As an alternative to these techniques this investigation 
proposes utilizing autologous derived growth factors in the form of P.R.F. to help enhance the 
regeneration of this area with minimal patient discomfort as well as avoiding the second donor 
surgical site commonly involved in soft tissue grafting procedures.    
 
Background on Platelet Rich Fibrin (PRF): 
 
The use of blood derived products was originally introduced for the prevention and 
treatment of hemorrhages due to systemic disorders. Some of these techniques were then 
developed into fibrin glues prepared from human plasma which in turn were used as surgical 
additives for sealing of wounds and stimulation of enhanced tissue healing (Matras H. 1970). 
These concentrates encompass a wide range of preparation protocols which are collectively 
termed “Platelet Rich Plasma” (PRP). Among these techniques is Choukroun’s technique for 
Platelet Rich Fibrin (PRF). In addition to its simplified preparation protocol which excludes any 
biochemical blood modification, PRF has the advantage of being autologous in nature and 
eliminates the risk of cross-contamination between patients. 
 
The PRF preparation contains growth factors present within blood platelets in a naturally 
occurring 3-dimensional fibrin clot. These factors are known to promote wound closure, 
epithelialization and enhance soft tissue remodeling (Choukroun et al. (2006). It is suggested 
here that the use of these additional bioactive modifiers may positively influence the rate and 
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volume of the patient’s wound healing.  In some similar studies, Choukroun’s L-PRF has been 
reported to yield equivalent results in terms of root coverage when compared to autogenous 
connective tissue grafts (Jankovic, 2010). 
Aim and Hypothesis: 
 
Given the reported stimulatory effects from the wound healing literature, the addition of 
PRF membranes during the second stage of dental implant uncovering procedure might increase 
interproximal papillary height between dental implants when compared to the values established 
in the literature using the standard uncovering procedure. The null hypothesis would be that it 
adds no effect. 
Study Rationale: 
 
The technique of choice for a dental implant uncovering procedure was a mid-crestal 
incision extended to the line angles of the adjacent teeth without any attempts to influence 
papillary regeneration by alterations to the surgical technique or flap design. 
Proposed Enhancement (Investigational) Rationale:  
 
1. With the addition of the PRF membranes around the implants prior to closure, we sought 
to enhance the interdental tissue volume and thus affect its height in addition to 
expediting healing and thus improving the aesthetic outcome of the final implant 
supported restoration(s). The normal standard of care procedure relies on the naturally 
occurring blood clot between the flap margins to act as a scaffold during the healing 
cascade. This investigational procedure was based on the same concept with the 
difference of adding an additional volume of established, growth-factor enriched clot to 
enhance the healing of the soft tissue. 
 
  
 4 
2. Increased proliferation of fibroblasts and small blood vessels may be stimulated by the 
addition of concentrated growth factors present in the PRF membrane, as illustrated by 
previous literature on PRF. This potentially adds to the soft tissue volume of the inter-
proximal papillary height after 2nd stage uncovering procedure. 
Literature Review 
 
Esthetics: 
 
Kokich et al. (1999) assessed the perception of dentists vs. lay people to altered 
dental/gingival esthetics. An opening or space of 2mm of gingival embrasure was less than ideal 
and a discrepancy of 3mm was noticeable and perceived as less esthetically pleasing by both 
dentists and the general population.  Patients were not able to discern symmetric changes of 
papilla length when the length of an individual papilla was shortened up to 2mm as long as it 
filled the embrasure and no black triangles were present (Lavacca et al. 2005).  In a more recent 
study, Hirsch et al. (2014), noted that a 2mm decrease in height of the papilla was seen as 
unattractive by about one third of the dentists, orthodontists and periodontist evaluators whereas 
the proportion rose to two thirds with a 3mm decrease. It can be concluded from these studies 
that aesthetic discrepancies are noted by both patients and dentists when the papillary height is 
reduced and black triangles become visible (Figure 1). 
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Figure 1: Absence of the Interproximal Papilla Between Teeth #7&8, Leaving an Unaesthetic “Black 
Triangle.” A: Contact Points. B: Papilla Filling Embrasure Space with Scalloping Between the Buccal and 
Proximal Tissue Levels. C: Absence of the Papilla with Firmly Bound Tissue. D: Moderate Loss of the 
Interproximal Papilla. 
Interdental Papilla Morphology:  
 
We have noted above that open gingival embrasures negatively affect the esthetics of a 
patient’s smile. The interdental gingiva consists of two zones. The papilla which is roughly 
pyramidal in shape and occupies the embrasure from the contact point of adjacent teeth, bounded 
by the adjacent mesial and distal enamel surfaces, the buccal and lingual gingival surfaces and a 
base of interdental supracrestal fibers. The attached gingiva occupies the inter-root space and has 
fiber attachment into the root cementum and the interdental crest of bone. The papilla can be 
pyramidal “point” or have a "col" shape. In former, the papilla possesses a pyramidal shape. The 
tip of the papilla is located immediately beneath the contact area (Fig.1A). While in the latter 
form, this tip presents a valley-like depression that connects a facial and lingual peak and follows 
the shape of the interproximal contact. Cohen et al. (1959) reported that the crest of the 
interdental papilla is often concave and not convex. The authors named this concave shape a 
"Col" which means a depression between two peaks. Kohl and Zander (1961) studied the 
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gingival tissue in monkeys and confirmed Cohen's findings. 
 
Figure 2: Basic Anatomy of a Maxillary Central Incisor. 
 
 
Figure 3: Clinical Picture of a Healthy Periodontium. The interproximal embrasure is the three 
dimensional space outlined by the proximal contact points of the teeth and a line drawn level with the 
adjacent buccal or lingual gingival margins (Noted by black triangle between the lateral and central 
incisors). 
 
The shape of the gingiva in a given interdental space thus depends on the shape of the 
contact point between the two adjoining teeth and the presence or absence of some degree of 
recession. The facial and lingual surfaces of the soft tissue pyramid are tapered toward the 
Gingival EmbrasureInter proximal Embrasur
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interproximal contact area while the mesial and distal surfaces are slightly concave following the 
tooth contour (Figure: 1, Figure: 2 & Figure: 3) This inter-dental gingiva is attached apically to 
the adjacent tooth by trans-septal fibers of connective tissue and junctional epithelium (JE) 
(Gargiulo et al. 1961) and is limited in a coronal direction by sulcular epithelium (Scrhoeder & 
Listgarten, 1997). Its base is also attached to the bone by Sharpey’s fibers.  If a large black 
triangle or diastema is present in between teeth, the gingiva is firmly bound over the interdental 
bone by Sharpey’s fibers and forms a smooth, rounded surface without the elongated formation 
of an interdental papilla (Figure 1C). 
 
Papilla Classification: 
 
Utilizing a classification system for identification and description of the degree of loss of 
papillary height may be advantageous in the context of interproximal tissue reconstruction and 
regeneration procedures. Nordlanad and Tarnow et al. (1998) proposed such a classification 
system for natural teeth.  Their system utilizes three identifiable anatomical landmarks: the 
interdental contact point the facial apical extent of the cemento-enamel junction (CEJ) and the 
interproximal coronal extent of the CEJ (Figure: 2 & Figure: 3). A "Normal" papilla can be 
found when the interdental papilla fills embrasure space to the apical extent of the interdental 
contact point/area. The classification system is as follows: 
Class I: The tip of the interdental papilla lies between the interdental contact point and the 
most coronal extent of the interproximal CEJ.  
Class II: The tip of the interdental papilla lies at or apical to the interproximal CEJ but 
coronal to the apical extent of the facial CEJ (interproximal CEJ visible).  
Class III: The tip of the interdental papilla lies level with or apical to the facial CEJ. 
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Similar to Nordland and Tarnow’s index for natural teeth, Jemt (1997) classified the 
interproximal papillary height around dental implants. His index includes five different levels 
indicating the amount of soft tissue present in the papilla area:  
Index score 0: No papilla is present, and there is no indication of a curvature of the soft tissue 
contour adjacent to the single-implant restoration. 
Index score 1: Less than half of the papilla is present. A convex curvature of the soft tissue 
contour adjacent to the single implant crown and adjacent tooth is observed.  
Index score 2: At least half of the height of the papilla is present, but not all the way up to the 
contact point between the teeth. Papilla is not completely in harmony with the adjacent 
papillae between the permanent teeth. This is an acceptable soft tissue contour and is in 
relatively good harmony with adjacent teeth.  
Index score 3: The papilla fills up to entire proximal space and is in good harmony with the 
adjacent papillae. There is optimal soft tissue contour.  
Index score 4: The papillae are hyper plastic and cover too much of the single implant 
restoration and or the adjacent tooth. The soft tissue contour is more or less irregular.  
Factors Affecting the Presence and Form of the Papilla Around Natural Teeth 
 
Periodontal Biotype: 
 
Ochsenbein and Ross (1969) classified the anatomy of gingiva as being flat or scalloped. 
They suggested that gingival anatomy is dictated by the underlying bone anatomy. Flat gingival 
architecture was related to square teeth; with the gingival margins being at a coronal level in 
relation to the CEJ. Tapering teeth were associated with a more pronounced scalloped gingival 
anatomy. In these dentitions, the gingival margin was usually located at or apical to the CEJ. 
This renders these gingival biotypes more prone to recession on the buccal aspects of the teeth 
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due to the thin and apically positioned bone margins. The actual term "periodontal biotype" was 
later introduced by Seibert and Lindhe (1989) to identify these various morphologic types.  They 
also added the suggestion that the variation in the morphology of the human periodontium may 
be related to the shape and form of the teeth (Figure: 4-6). 
 
 
 
 
 
 
 
Figure 4: Thick Tissue Biotype With Reduced Gingival Scallop. 
 
 
Figure 5: Close up of Figure 4 Showing Thickness of The Tissue, Associated With Square Shaped Teeth 
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Figure 6: Thin Tissue Biotype Associated With Gingival Recession. Note The Greyish Hue of the Probe 
Showing Through the Tissue. 
 
In a case series report, Spear (1981) evaluated tooth position, and found that conventional 
osseous architecture follows the CEJ of teeth at an apical distance of 2 mm. This results in the 
classic osseous scallop or rise and fall of marginal bone contour that produces a buccal and 
palatal bone level more apical than the interproximal bone. While the presence of this osseous 
scallop alone would contribute to some degree of papillary form, it would not account for the 
entire height of the papilla.  
In a typical human, the “osseous scallop” from facial to interproximal averages 3 mm in 
height across the maxillary anterior region, with a range of 2.1 mm to 4.1 mm (Becker and 
Oschenbein, 1997), while the height of the parallel “gingival scallop” from facial to 
interproximal has commonly been determined to be 4.5 mm to 5.5 mm (Kois, 1995). 
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Tooth Form: 
 
Tooth form and shape has been categorized as ovoid, triangular or square (Hirschfeld, 
1923, Morris, 1958, Wheeler, 1961 and Weisgold ,1977). It was “empirically” noted that teeth 
with triangular or tapered crown shapes are associated with a thin gingival biotype, thin 
scalloped margins, and small proximal contacts located near the incisal edges. Teeth with more 
square shaped crowns are associated with thick biotypes and longer and more apically positioned 
contacts which require less tissue height to fill the interproximal space. Triangular shaped teeth 
were shown by Spear (2001) to be more prone to open gingival embrasures compared to square 
tooth forms (Figure 7).  
 
Figure 7: Different Tooth Forms. Top: Square. Middle: Triangular. Bottom: Round. 
 
Wang et al. (2010) studied factors affecting the appearance of the interproximal papilla 
between natural teeth. Their study included 96 adult subjects in which the effect of tooth form 
and interproximal contact length were recorded. Tooth form/shape was determined by measuring 
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the ratio of the width of each crown to its length (CW/CL) from study models of each subject’s 
maxillary teeth as described by (Olsson & Lindhe, 1991). Crown length (CL) was defined as the 
distance from the gingival margin or, if discernible, the CEJ to the incisal edge or cusp tip of the 
crown. Crown width (CW) was determined by measuring the distance from the most apical 
extent of the proximal contact on the mesial surface to the similar contact point on the distal 
surface of each tooth. The so called competent papilla group always showed significantly greater 
CW/CL ratios on adjacent teeth than the papilla-deficient group. The mean CW/CL ratio in the 
competent papilla group was 0.87. Tooth sites with competent papillae had significantly longer 
interproximal contacts with only two exceptions, the #13-14 and 13–12 sites. The overall mean 
interproximal contact length was significantly greater in the competent papilla group than the 
deficient group (2.8 versus 2.2 mm). The contact length was the shortest between the pre-molars 
and canines and gradually increased towards the midline where it was longest between the 
central incisors. It was concluded that long, narrow tooth forms and incisally located contact 
points may be negatively correlated with interproximal papillary competency between teeth.  
The correction of open embrasures between teeth may not be predictably accomplished 
by surgical procedures. In some cases, an alternate strategy has been to make adjustments to 
restorative crown forms and neighboring teeth with composite restorative material in the gingival 
areas or veneers to reduce the gingival embrasure space and thus create the illusion of 
interproximal tissue fill.  
Inter-radicular (inter-tooth) Distance and its effects: 
 
In a longitudinal study Kim et al. (2008) reported on the association between root 
proximity and the risk of alveolar bone loss. A cohort of 1,231 men with a follow up period 
greater than 10 years were selected from the Veterans Affairs Dental Longitudinal Study (2008). 
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Digitized and standardized periapical radiographs were utilized to measure the inter-radicular 
distance between mandibular incisors at the CEJ. Baseline records and rate of progressive 
alveolar bone loss in relation to root proximity were evaluated. The mean inter-radicular distance 
was 1.0mm and the mean alveolar bone loss rate during 10 years was 0.61mm. There was a 
significant, non-linear association between root proximity and alveolar bone loss rate.  If the 
inter-radicular distance was 0.6mm or less the patients were 28% more likely to lose >0.5mm of 
bone during 10 years and 56% more likely to lose >1.0mm of bone during 10 years than sites 
with a distance of 0.8mm. Inter-radicular distance of 0.8mm was determined to be a significant 
local risk factor for bone loss in mandibular anterior teeth. 
Martegani et al. (2007) evaluated the effect of root proximity and other anatomical 
variables on the appearance of the interproximal papilla between maxillary incisors. A total of 
178 interdental embrasures in 58 patients were selected for the study. Digitized photographs and 
modified periapical radiographs using a fixed metric device were taken of the interdental 
embrasures between the four maxillary incisors. When the inter-radicular distance was less than 
2.4 mm, an increase in the distance between the contact point and the bone crest corresponded to 
a marked increase in the interdental black triangle's dimensions and, therefore, a less esthetically 
pleasing smile. When the inter-radicular distance was greater than 2.4 mm, the distance from the 
contact point to the alveolar crest did not influence the presence of the interdental papilla. It was 
concluded that both the inter-radicular distance and distance between contact point to the 
alveolar crest have “independent and combined effects” on the presence or absence of the 
interdental papilla. The same conclusion was reached by Cho et al. (2006) who reported that the 
number of papillae that filled the interproximal space decreased with increasing interproximal 
distance between adjacent roots. 
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Interproximal Bone Level Relative to The CEJ: 
 
As described by Ochsenbein, (1986) the presence of an underlying osseous support 
provides a foundation to the gingival architecture. Under physiologically normal conditions the 
scallop of the alveolar bone crest follows the CEJ of the related teeth (Figure: 2), rendering what 
was termed by Ochsenbein as “positive architecture”. Consequently, the facial and lingual 
osseous margins are located at a more apical position relative to the interdental bone leading to 
the appearance of a gingival scallop and interproximal papilla. Gargiuolo, (1967) evaluated the 
discrepancy present between the facial and interproximal scallops and noted a 1.01-3.01mm 
difference which varied between individuals and locations, i.e, anterior teeth showed more 
scalloping than posterior teeth. This led to the hypothesis that a 1.5mm discrepancy between the 
facial and interdental osseous margins may give the appearance of an interdental papilla (Wang, 
2005, Spear, 1999).  
 
Interproximal Bone Level Relative to Tooth Contact: 
 
Tarnow et al. (2000) designed a retrospective study to determine whether the distance 
from the base of the contact area to the crest of bone was correlated with presence or absence of 
the interproximal papilla in humans. A total of 288 proximal, 99 anterior interproximal, 99 pre-
molar interproximal and 90 molar sites in 30 patients were randomly selected for examination. If 
a space was visible apical to the contact point then the papilla was judged as missing. All contact 
points were closed and a standardized periodontal probe with Williams markings was used for 
measurements. When the distance from the contact point to the crest of bone was less than 5 mm 
the papilla was present 100% of the time. When the distance was 6 mm the papilla was present 
56% of the time and when the distance increased to 7 mm or more the papilla was present 27% 
of the time or less. The sites that had previous surgery did not show any definitive trend. 
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Additionally, 66 of the interproximal areas had adjacent proximal restorations but their presence 
or absence had no correlation with whether the papilla had formed or not.  
Peri-implant Gingival Anatomy 
 
Several animal and in vitro experiments have stressed that similarities exist between the 
gingiva around teeth and the peri-implant mucosa with respect to both epithelial structures and 
connective tissue components (Sculean, 2014).  While the epithelial attachments are similar, the 
absence of a root cementum layer on the implant surface creates basic differences between 
implants and teeth regarding connective tissue fiber orientation and attachment. (Figure: 8) 
Since the 1970s, the ultrastructure of the epithelial attachment of dental implants has been 
widely studied by different research teams (James RA, Mckinney and Jansen). These studies 
showed that epithelial cells were able to attach to different implant surfaces similar to the 
junctional epithelium around natural teeth with a basal lamina and hemidesmosomes. In the 
1980s the reaction of the supra-crestal connective tissue was also studied in animals (Schroeder 
et al. (1991). These studies demonstrated perpendicularly oriented connective tissue fibers 
directly attaching to porous titanium surfaces. 
Berglundh et al. (1991) compared clinically healthy peri-implant mucosa and free 
marginal gingiva in a beagle dog model with respect to structure and composition. Histological 
analysis revealed that the two soft tissue units both had a keratinized oral epithelium and a 
junctional epithelium with a length of approximately 2 mm.  Around teeth the height of the 
gingival supra-crestal connective tissue portion was approximately 1 mm where the orientation 
of the collagen fiber bundles was fan-shaped, with the acellular root cementum serving as a 
center. Titanium implants, however, lacked root cementum, and therefore the collagen fiber 
bundles in the peri-implant mucosa ran mainly parallel to the implant surface and originated 
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from the adjacent bone (Figure: 8). 
 
Figure 8: Diagrammatic Representation Comparing Fiber Arrangement Around Teeth and Implants. 
The finding by Berglundh et al. (1991) was in agreement with another study conducted 
by Listgarten et al. (1991) where the supra-crestal implant surface facing the connective tissue, 
defined coronally by the apical cells of the junctional epithelium and apically by the bone 
surface, was found to be approximately 2 mm in height, i.e., 2 times that of the gingival supra-
crestal connective tissue attachment around teeth. They speculated that within the zone that was 
free from epithelium, a "reaction" must have occurred between the connective tissue and the 
titanium dioxide abutment surface. (This "reaction" would, in one way or another, limit the 
apical proliferation of the junctional epithelium. Evidently, this "zone of interaction" was not 
recognized as a wound surface and must have a significant effect on adhesion of the peri-implant 
mucosa to the titanium abutment, and therefore also on the soft tissue defense against an 
exogenous irritation.) Berglundh et al. (1996) further reported that the collagen content of the 
peri-implant mucosa was higher, while the fibroblast density was much lower than in the 
gingival tissue in this experimental model. 
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Wound Healing 
 
Wound Healing Following Flap Procedures Around Natural Teeth: 
 
In human studies performed by Kon et al. (1969) reattachment of the soft tissues to the 
tooth was mediated by blood clot formation which was still weak at the seven interval. At this 
stage an inflammatory reaction accompanied by an increase in in vascularization was observed. 
At 12 days the flaps showed stronger attachment to the tooth and showed re-attachment to the 
underlying bone and adjacent root structure. Oral epithelium showed keratinization by 7 days 
while the connective tissue showed complete regeneration and dense organization by 35 days. 
Similar results were obtained by Caffesse (1984).  
  Holmes (1965) investigated the regeneration of papilla morphology in sixteen dental 
students after excisional biopsies of both anterior and posterior inter-proximal papillae. Thirty of 
the 32 interdental crests were concave. One anterior and one posterior crest were convex. 
Stratified squamous epithelium, at least equal in thickness to that over the facial and lingual 
peaks, covered each interdental crest. The epithelium was non-keratinized in 23 specimens. The 
surface epithelial cells of 21 of the 32 specimens had a vacuolated appearance. The bucco-
lingual sections had bundles of collagenous fibers running through the lamina propria from the 
oral to the vestibular mucosa. Lymphocytes and plasma cells were noted in 26 specimens in the 
connective tissue of each papilla especially adjacent to the epithelial attachment. Twenty papillae 
(87%) did not regenerate to their original height. This resulted in a space between the interdental 
papilla and contact area from 0.5 mm to 2.0 mm. The facial and lingual surfaces of all papillae 
did not fill the embrasure as completely as before excision. The regenerated cols were less 
concave than those originally present. No papilla regenerated to the outline it had before 
excision. This was contrary to the findings of Kohl and Zander who found that the interdental 
papilla regenerated to its original shape following excision. They also showed that the gingival 
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tissue also has tissue memory, provided there is appropriate underlying osseous support.  
The presence of an adjacent tooth attachment and the size of the gingival embrasure 
formed by these teeth are responsible for the presence and height of the papilla. This concept was 
evaluated in 1982 by van der Velden, who surgically removed interdental papillae in healthy 
sites of 7 patients and subsequently measured the tissues as they regenerated. In this 
investigation, the tissue rebounded an average of 4.3 mm and had a mean sulcus depth of 2.2 
mm. This was comparable to the normal interproximal dentogingival dimensions reported in 
other studies (Tarnow and Kois 1998). Consequently one could expect tissue re-establishment of 
up to 3 mm on the facial aspect of a tooth with the proper underlying osseous support. However 
rebound was much less likely in the thin scalloped periodontium where recession is often 
permanent (Tarnow and Salama, 1995).  
 Wound Healing Around Dental Implants: 
 
In a prospective human clinical study performed by Tomasi et al. (2014), for non-
submerged implants the authors reported on histological soft tissue healing around dental 
implants for 23 subjects at 2, 4, 8 and 12 weeks following implant placement. Standardized 
tissue punches were utilized to allow for excision of a 1.5mm band of peri-implant tissue and 
were left attached to the healing abutment for histological analysis. At the 2-week time point 
incomplete healing of the peri-implant mucosa and lack of well-defined epithelial and connective 
tissue compartments were noted.  At 4 weeks, healing continued with the formation of a short 
epithelial barrier directly connected to the underlying connective tissue compartment. There was 
a lack of distinction between the two compartments and an increased inflammatory cellular 
infiltrate in the sub-epithelial and connective tissue layers. At 8 and 12 weeks the soft tissue 
mucosal seal had completely formed yielding a distinct “barrier-epithelium” and well organized 
connective tissue compartment. This study showed that 8 weeks are required for a mucosal seal 
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to fully develop and form around dental implants. These finding have also been corroborated by 
other authors Berglundh et al. (2007), Schwarz et al. (2007), Vignoletti et al. (2009). The 
conclusion of these studies was that peri-implant soft tissue maturation and full organization 
requires about 8 weeks and follows a similar pattern of healing as that of natural teeth. The 
notable difference in healing was the extent of apical migration of the junctional epithelium 
around implants where the absence of cementum seemed to allow for more apical migration of 
the junctional epithelium and a more parallel collagen fiber orientation. 
Wound Healing Around Natural Teeth compared to implants: 
 
Similar biological processes are involved in cutaneous wound healing and periodontal 
wound healing around both teeth and implants. In a dog model Araujo et al. (2015), 1-2mm 
excisional soft tissue biopsies were obtained from the buccal marginal tissue of both implants 
and teeth for a comparative evaluation of soft tissue healing. The study involved five beagle 
dogs, in which the 3rd and 4th lower premolars were extracted. Following 3 months of healing, 4 
implants were placed in each dog and allowed to heal in a non-submerged fashion. One implant 
and one tooth were selected for a “soft tissue resective flap surgery.” The dogs were sacrificed at 
1, 2, 4 and 14 weeks. Similar patterns of healing were found for both teeth and implants. Within 
the first week the soft tissue area of the excised tissue showed granulation tissue rich in 
inflammatory cells and vascular structures with a low proportion of fibroblasts and collagen 
fibers around the teeth compared to the implant group. In the coronal aspect, a junctional 
epithelium was noted, that separated the connective tissue from the enamel, with a blood clot and 
an inflammatory cell infiltrated fibrin network in the apical areas. During the 2nd week of healing 
of the natural teeth group, a newly formed junctional epithelium was noted extending to the CEJ. 
The connective tissue compartment represented a less infiltrated portion, with high cellular 
content and characteristics of a provisional connective tissue. However, no definitive collagen 
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bundle arrangements were seen.  In the implant sites, the barrier epithelium covered a 1.5- to 2-
mm long portion of the surface of the connective tissue. The connective tissue compartment in 
implants demonstrated a denser collagenous organization than that of the teeth, with initial 
contact to the implant abutment. At 4-12 weeks for both groups the gingiva exhibited full 
keratinization and normal appearance. Histologically periodontal fibers and collagen bundles 
could be distinguished around natural teeth at 4 weeks, whereas in the implant group, the 
connective tissue was still at a provisional phase, which became denser at 12 weeks. In 
conclusion, it was noted that wound healing and de-novo tissue formation occurs in very similar 
patterns between teeth and implants, but it is slower around implants and the connective tissue 
compartment may require up to 12 weeks for complete maturation. 
Factors Influencing the Implant/Soft Tissue Interface 
 
Gingival Biotype: 
 
Berglundh et al. (1996) extracted all mandibular premolars from five beagle dogs and 
three months later three Branemark System fixtures were installed in each side. Following three 
months of healing, abutment connection was carried out. On one side of the mandible abutment 
connection was performed according to the Branemark System manual (control side). On the 
contralateral side (test side) an incision not extending through the periosteum was made at the 
crest of the ridge. The soft tissue was dissected and a critical amount of connective tissue on the 
inside of the flap was excised. The periosteum was subsequently incised, abutment connection 
performed, and the trimmed flaps sutured.  In subsequent evaluations of the wound healing 
process, it was found that the length of the junctional epithelium varied within a rather narrow 
range; 2.1 mm (control side) and 2.0 mm (test side). The height of the supra-bony connective 
tissue in this model varied between 1.3+/-0.3 mm (test side) and 1.8+/- 0.4 mm (control side). At 
sites where the ridge mucosa before abutment connection was made thin (Less than or equal to 2 
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mm), wound healing consistently included bone resorption. They interpreted these findings to 
mean that there is a minimum peri-implant mucosal thickness to re-establish the biological width 
around dental implants. 
Circumferential Tissue Thickness Around Implants: 
 
The presence of adequate soft tissue thickness has been shown to improve the esthetic 
and functional longevity of implant-supported restorations (Wang, Kan, Ku, 2013). The same 
group further reported that the presence of a keratinized band of tissue may aid in minimizing 
postoperative gingival recession, allowing the gingiva to endure the trauma of brushing, resist 
masticatory muscle pull, and reduce the probability of soft tissue dehiscence above implant 
fixtures in the initial phases of healing. 
Warrer et al. (1995) investigated this role of keratinized mucosa in resistance of the peri-
implant tissues to plaque-induced tissue destruction. In 5 monkeys, a total of 30 transmucosal 
endosseous dental implants were inserted in edentulous areas of the mandible with presence or 
absence of keratinized mucosa as the variable. After a healing period of 3 months with optimal 
plaque control, all implants were then exposed to plaque accumulation for periods up to 9 
months. To secure abundant plaque accumulation on half of the number of the implants, cotton 
wool ligatures were placed around the implants at the entrance to the peri-implant sulcus. 
Attachment loss was measured clinically and histomorphometrically. Tissue recession was 
measured clinically. It was found that ligated implants without keratinized mucosa demonstrated 
significantly more recession and slightly more attachment loss than implants with keratinized 
mucosa. 
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 Kan et al. (2012), in a cohort study, reviewed the influence of addition of a sub epithelial 
connective tissue grafts at time of immediate implant placement. A critical tissue thickness of 
1.5-1.8mm (of the facial gingiva) was necessary to mask the hue of the underlying abutments 
leading to more favorable esthetic outcomes of the final restoration. 
Adell et al. (1986) suggested that bacterial plaque may not be the only cause of gingivitis 
around implant abutments and fixtures. Movable/ thin marginal peri-implant mucosa can be 
easily traumatized with exposure of the initial threads of the implants after some bone 
remodeling and consequent recession. This 15-year longitudinal study concluded that emergence 
of the abutments should preferably be located in attached gingiva. A recent review by Ku et al. 
(2013) concluded that peri-implant soft tissue thickness of greater than1.5mm correlated with 
both buccal bone and marginal tissue stability around implants. Their findings were also 
corroborated in a review performed by Jung et al. (2014) in which the authors examined the 
effect of addition of connective tissue grafts around implants in the esthetic zone to enhance 
esthetics, and maintain marginal bone stability.  
Sub-Gingival Implant and Restorative Contours: 
 
Most implant restorative platforms differ from teeth in their initial “bone emergence 
profile” in that they are flat and do not possess the scalloping (as found in natural dentition)  
(Figure: 2 & Figure: 16) to follow the interproximal bone heights. Placing the buccal edge of the 
implant at the buccal bone margin results in a sub-crestal implant level inter-proximally. This 
leads to the formation of a subcrestal biological width around implants in this area, which may 
not provide sufficient support for the interproximal papilla in that area. This differs from teeth in 
that the biologic width around teeth follows the supra-crestal rise in bone, which aids in papillary 
tissue support.(Wang 2005) (Figures: 1, 2, 8 and 15). 
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Some authors have suggested (Parel, 1996 and Weisgold, 1977) that the position of the 
gingival margin around dental implants simply represents collapse of the gingival tissue until it 
finds support by the implant supra-structure component (healing abutment, custom abutment or 
provisional). To create an illusion of normal form a significant change in the subgingival 
contours must be developed in a restoration in order to produce the appearance of a natural tooth 
on a foundation that rarely mimics the shape or location of the natural root structure. 
Natural teeth also exhibit concave or straight sub-gingival contours which, along with the 
underlying bone support, allow more space for the soft tissue. (Su et al. 2010). These sub-critical 
contours of a restoration are defined as the contour below the gingival margin and should be 
concave or straight in profile rather than convex to allow for increased soft tissue thickness. The 
critical contour is what helps to determine the desired level of the gingival margins around the 
restoration. Furthermore, the modification of the critical and sub-critical contours helps establish 
the position of the level of the tip of the papilla in relation to the buccal gingival margins.  This 
concept seeks to increase tissue thickness around dental implants as well as establish the 
appearance of a gingival scallop from the facial to the interproximal areas, mimicking the soft 
tissue appearance around natural teeth (Figure:1 & Figure: 3). 
Inter-implant Distance (Mesial –Distal Spacing): 
 
In a retrospective study, Tarnow et al. (1992) demonstrated that a minimum of 3mm of 
bone mesio-distally between two adjacent implants is directly related to the adequate papillary 
height maintenance. Inter-implant distance less than 3mm, resulted in 1.04mm of crestal bone 
loss around the implants, while a loss of only 0.45mm was found when the distance was more 
than 3mm. 
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Height of soft tissue to bone crest: 
 
In a retrospective multicenter study, Tarnow et al. (2001) measured the height of the soft 
tissue to the crest of bone measured between two adjacent implants independent of the location 
of the contact point.  A total of 136 inter-implant papillary heights were examined in 33 patients 
by eight different examiners in five private dental offices. The types of implants were of various 
manufacturers and surface treatments. After administration of appropriate local anesthesia, a 
standardized periodontal probe was placed vertically from the height of the papilla to the crest of 
bone. The measurements were rounded off to the nearest millimeter. The mean height of 
papillary tissue between two adjacent implants was recorded as 3.4 mm, with a range of 1 mm to 
7 mm.  
Biologic Width 
 
The Concept of Biologic Width: 
Gargiulo et al. (1961) introduced the concept of "Biological Width" around natural 
dentition. The study hypothesized that the supracrestal gingiva (comprised of the connective 
tissue and epithelial components about the bone margin) has a certain dimension. Of the 
measurements made in this study the connective tissue attachment dimension was the most 
constant. In all phases it had a mean length of 1.07mm. The most variable part of the dental-
gingival junction was the length of the epithelial attachment, with a mean of 0.97mm. The 
gingival sulcus had a dimension of 0.69mm. This produces a mean average of 2.97 or about 3 
mm for the biologic width. 
The concept of biological width around teeth and its mean measurements was re-
examined in the literature by Kois and Vacek (1994). These efforts have determined that the 
connective tissue attachment has a mean height of 1 mm, the epithelial attachment has a mean 
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height of 1 mm, and the average sulcus is approximately 1 mm in depth. These results are 
approximately in agreement with Gargiulo’s findings, showing a 3 mm dimension of gingival 
tissue above the osseous crest in the average patient, but fails to explain the change in height of 
the gingival scallop from the facial to the interproximal aspect. If the height of gingiva to bone 
were constant facially and inter-proximally, the soft tissue gingival scallop would only be 3 mm 
and would match the 3 mm osseous scallop as opposed to the 4.5 mm to 5.5 mm soft tissue 
dimensions found by Kois (1994). One option to explain the increased gingival height above 
bone inter-proximally is that the biological width (connective tissue and epithelial attachment) 
may have greater height inter-proximally although some studies have demonstrated this to be 
false (Ingber and Rose 1977). The latter authors have shown that the biological width around 
teeth was determined to be constant circumferentially with an average dimension of 3 mm.  
Animal Studies On Biological Width Around Implants: 
 
In an animal study, Abrahamsson et al. (1996) observed that the mucosal barrier that 
formed following successful one and two stage implant installations had a similar composition to 
those demonstrated by Ingber et al. (1977). The peri-implant mucosa was composed of one zone 
of junctional epithelium and one zone of connective tissue. At sites where the mucosa of the 
edentulous ridge was thin angular bone resorption occurred at the marginal border of the 
implants.  The dimension of the mucosal attachment to the implant was similar in sites with thin 
or thick mucosa, showing a junctional epithelium dimension of 2 mm and connective tissue 
attachment of 1 mm. Abrahamsson et al. (1996) hypothesized that this represented a certain 
“biological” width of the peri-implant mucosa which is required to enable a proper epithelial-
connective tissue attachment. If this soft tissue dimension is not satisfied, bone resorption will 
occur to ensure attachment with appropriate "biological width."  
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In a more recent study by Hermann and Buser et al. (2000) the implant-gingival junction 
of unloaded and loaded one-piece non-submerged titanium implants in the canine mandible were 
histomorphometrically analyzed. Sixty-nine implants were placed in six foxhounds. Dogs in the 
unloaded group were sacrificed three months after implant placement. Loaded implants were 
restored with gold crowns and those dogs were sacrificed after three months and 12 months 
following loading. Dimensions of the sulcus depth (SD), the junctional epithelium (JE), and the 
connective tissue contact (CTC) were measured under the microscope. Histomorphometric 
evaluation revealed that significant changes within tissue compartments (SD, JE, CTC) occurred 
over time (P < 0.05). Sulcus Depth had a mean of 0.49 mm and 0.50 mm after three and six 
months of healing respectively, but after 15 months the mean had changed to 0.16 mm which 
was significantly different. Similarly, the length of the Junctional Epithelium after three and six 
months of healing was 1.16 mm and 1.44 mm respectively. These values were significantly 
different from measurements taken after 15 months (1.88 mm). The area of CTC  after three 
months of healing (1.36 mm) significantly different after six months (1.01mm) and 15 months 
(1.05mm). Interestingly, the sum of SD, JE, and CTC, forming the biologic width, did not 
change over the observation period. This data indicates that the biologic width is physiologically 
formed and a stable structure over time in the case of non-submerged, one-piece titanium 
implants as evaluated histomorphometrically under either unloaded and loaded conditions. 
Dynamic changes did occur; however, within the components of the biologic width dimension. 
In a 12-month follow-up period, sulcus depth and connective tissue dimension were decreased, 
whereas the height of the junctional epithelium was increased. 
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Platelet Rich Fibrin 
Platelet concentrates were initially introduced for treatment and prevention of 
hemorrhages (Matras, H, 1970). Subsequently platelet concentrates were used to improve healing 
and to replace fibrin glues, first described by Whitman et al. (1997) for oral and maxillofacial 
surgery. The necessity of addition of bovine anticoagulants during the preparation protocols 
described for platelet concentrates was eliminated by the introduction of the platelet rich fibrin 
technique (PRF) by Choukroun et al. (2001).  By removing any anticoagulant addition, PRF 
allows for a more simplified preparation in addition to a more homogenous and stable fibrin clot 
formation which is attributed to the gradual coagulation mechanism (Dohan Ehrenfest 2009). 
PRF has been defined as “an autologous leukocyte and platelet-rich fibrin biomaterial” (Toffler 
et al. 2009); Dohan et al. (2010). The structure of the produced PRF membranes consists of a 
complex fibrin network in which leukocytes and platelets are enmeshed during the centrifugation 
process.  The concentration of platelets and cellular content have a distinct polarity within the 
fibrin meshwork, with the highest concentration present at the end near the red blood cell 
accumulation. (Fig.9-10) The three dimensional structure of PRF also allows for durability and 
longer maintenance of its three dimensional architecture (similar to that of a naturally occurring 
blood clot) throughout the healing process when compared to previous forms of platelet 
concentrates (Dohan et al. 2006). Clinically, platelet concentrates can shorten recovery time, 
reduce surgery-related swelling and pain (Everts et al. 2007) as well as accelerate the repair of 
the oral soft tissues (Lindeboom et al. 2007). The PRF preparation protocol introduced by 
Choukroun has the advantage of incorporation of leukocytes within the fibrin network, which 
contribute to growth factor release as well as possessing immune regulation and anti-infectious 
properties (Sharkawy, 2007). 
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Figure 9: Diagrammatic Representation of Centrifuged Blood 
 
 
Figure 10: Compressed PRF Membranes: A: Red blood cells (RBC) rich zone. B: Leukocyte rich zone. C: 
Platelets enmeshed in fibrin with increasing numbers towards the RBC rich zone. D: Note the gradient 
from the white fibrin color to the area of the red blood cells, representing the cellular polarity (higher 
towards the red blood cells) resulting from the PRF centrifugation protocol. 
 
  
 29 
 
Cellular Constituents in PRF 
 
The processes of initial cell recruitment, migration and proliferation in wound healing are 
orchestrated by a multitude of cytokines and growth factors. For the purpose of this review, the 
main growth factors that are present in higher concentrations in platelet rich fibrin preparations 
will be reviewed, namely platelet derived growth factor (PDGF) and transforming growth factor 
beta (TGF-b). The detection of large quantities of PDGF in PRF can be attributed to the presence 
of a high concentration of platelets in these preparations. Although this glycoprotein has been 
mainly associated with platelets, it can also be secreted by other cell types such as macrophages 
and endothelial cells (Ross, 1986). As a result of platelet degranulation during the initial phases 
of wound healing, PDGF is regarded as one of the first growth factors present at sites of injury 
(Marx, 1998). The main functions of this growth factor includes stimulation of mitosis in 
neighboring cells, angiogenesis by induction of endothelial cells to form capillaries and 
macrophage activation which initiate wound debridement and in turn initiate a “second phase” of 
growth factor release for continued repair.  
In a recent analytical study Sang et al. (2014), platelet counts and growth factor 
concentrations in PRF preparations were compared to whole blood samples. There was a 3.9 fold 
increase in platelets and 2.5 fold increase in PDGF as well as a 5.1 fold increase in TGF-b in 
PRF preparations when compared to whole blood. Growth factors such as vascular endothelial 
growth factors and fibroblast growth factor were also elevated. This higher concentration of 
platelets and growth factors present in platelet concentrates may be expected to have a profound 
effect on wound healing enhancement. (Marx, 1998).  
Platelets are known to contain multiple growth factors and cytokines which are known to 
stimulate and enhance healing. Cytokines are crucial in the healing process and reduce post-
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operative infection. In vitro studies have shown enhanced gingival fibroblasts, dermal 
prekeratinocytes and osteoblast proliferation through the use of PRF (Ehrenfest et al. 2009). 
“Transforming Growth Factors” (TGF) is a term applied to a superfamily of growth and 
differentiating factors. This review will focus on the influence of TGF-b on connective tissue 
repair during early wound healing. Similar to PDGF, TGF-b is synthesized and released by 
degranulated platelets as well as macrophages, among other cell types. When actively secreted 
they act as a paracrine growth factor, mainly affecting fibroblasts, bone marrow stem cells and 
pre-osteoblasts (Marx, 1998). Similarly, these affected cells may secrete their own TGF-b 
proteins which act in an autocrine fashion, thus sustaining a long term healing mechanism 
involved in connective tissue and bone remodeling and maturation. Similar to PDGF some of the 
main functions of TGF-b1 and TGF-b2, are stimulation of mitosis and chemotaxis of cells, 
including fibroblasts and osteoblast pre-cursor cells. Osteoblastic stimulation allows the 
synthesis of the initial collagen matrix for bone formation and inhibition of osteoclastic 
formation which allows formation and maturation of bone. The same sequence of growth factor 
release is observed for soft tissue connective tissue maturation. As shown by Pierce et al. (1992) 
growth factors influence wound repair through initial induction and deposition of the provisional 
wound matrix mainly dictated by PDGF. This is followed by continued deposition and 
maturation of the collagen matrix regulated by TGF-b along with other growth factors in a well-
organized sequence during wound remodeling.  
Clinical Uses of PRF 
Jankovic et al. (2010) compared the use of coronally advanced flaps in combination with 
enamel matrix derivatives (EMD) or PRF in a split-mouth clinical trial in 20 subjects and 
showed similar results in terms of root coverage for both techniques at 12 months. Post-operative 
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pain intensity within the first 5 days as evaluated by the Landry healing index, (1988) was 
significantly lower in the PRF group. In a different 6 month randomized controlled clinical trial 
comparing PRF and autogenous connective tissue grafts for root coverage procedures, Jankovic 
et al. (2012) showed similar root coverage results for both groups. In addition to not requiring a 
palatal donor site with associated morbidity, the use of PRF showed enhanced initial healing 
when compared to connective tissue graft sites as evaluated by the Landry healing index. The 
finding that PRF can be utilized as a substitute for autogenous connective tissue grafts for root 
coverage were confirmed in a randomized controlled clinical trial by Atilla et al. (2014) 
concluding that PRF in combination with a coronally advanced flap can be an effective treatment 
modality for correction of localized gingival recession defects. Bhat et al. (2014) reported the use 
of PRF as an aid in secondary intention wound healing to allow for reduced patient discomfort 
and accelerated soft tissue healing following palatal free gingival grafts harvest. Complete 
wound closure of the palatal donor site occurred by 14 days, as well as reduced patient 
discomfort following surgery.  
PRF Around Immediate and Single Staged Dental Implants. 
Tatullo et al. (2013) evaluated the effect of PRF around immediate post-extraction 
implant placement on peri-implant hard and soft tissues in a retrospective study. A total of 127 
tapered implants were placed immediately following extractions. The gap between the implant 
and buccal bone was filled with PRF in addition to a layer of PRF placed over the socket. They 
reported full soft tissue closure by new soft tissue over all implants, with a variable thickness of 
1-3mm, and maintenance of the peri-implant papillary height was noted clinically to stabilize 
following 10 months. The authors also demonstrated a 99.8% success rates of dental implants 
placed. Their findings demonstrated that PRF may aid in early hard and soft tissue, healing, and 
vascularization for both hard and soft tissues around dental implants.  In a randomized controlled 
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study evaluating the effect of PRF around single stage implants. Boora et al. (2015) found no 
difference in osseointegration between the implants placed with PRF and controls. The authors 
also quantified crestal bone changes on the mesial and distal aspects of the implants utilizing a 
paralleling technique with periapical radiographs. The radiographs were standardized by taking 
the most coronal point of the healing abutment as a static reference point and digitally tracing a 
perpendicular line from the reference point to the point of bone to implant contact on the 
radiograph mesially and distally. Implants placed with PRF showed less mean crestal bone 
changes (0.25mm mesially and 0.27mm distally) when compared to (0.57mm and 0.65mm) in 
the control group at 3 months post implant placement. They concluded that PRF could be 
considered as a “healing biomaterial with potential beneficial effect on peri-implant tissue.” 
PRF Utilized for Dental Papilla Reconstruction Around Teeth 
Arunachalam et al. (2012) introduced a new technique for papilla augmentation around 
natural teeth. In this case report, a semi-lunar incision performed beneath the intended papilla 
about 1mm coronal to the muco-gingival junction (MGJ). A split thickness pouch extending 
from that incision to the papillary area allowed for coronal mobilization of the inter-proximal 
papilla. A single PRF membrane was introduced into the pouch to allow for coronal 
repositioning of the soft tissue to fill the embrasure area. Follow ups at 3 and 6 months showed 
complete papillary fill in the area.  
Surgical Techniques for Papilla Reconstruction: 
 
In 1991, the Dental Implant Clinical Research Group, composed of 30 Department of 
Veterans Affairs medical centers and two dental schools, initiated a long-term clinical study to 
investigate the clinical performance of implants within the Spectra-System. The influence of the 
type of incision on the success rate of implant integration at stage II uncovering surgery was 
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discussed by Casino et al. (1997) focusing on a portion of the study database related to incision 
type, implant success rates, and response of crestal bone up to the time of surgical uncovering. 
The crestal incision was used for implant placement of 1,705 implants (381 patients) and the 
remote incision for 593 implants (141 patients). No statistically significant difference was found 
in implant integration nor the response of crestal bone at the time of uncovering. 
Palacci (1995) introduced a modification of Branemark’s 2nd stage uncovering technique 
aimed at reducing secondary intention healing in the interproximal area and developing the 
interproximal papillae between multiple adjacent implants. The technique involves full thickness 
flap reflection from the palatal aspect to allow access to the implants. Following healing 
abutment insertion, secondary incisions in the areas corresponding to the implants allow for 
rotation of small pedicles 90 degrees to occupy the interproximal areas.  
Davidoff (1996) proposed a simple method of modifying soft tissues coronal to the 
implant head that will allow the development of a restoration with correct emergence profile and 
anatomic contour. This technique introduces a means of internally modifying the soft tissue 
contour according to concepts of normal tooth anatomy and emergence profile (application of a 
round bur to modify the soft tissue), and then maintaining that contour with provisional 
restorations. The author also suggested application of a wide healing abutment at the second 
stage for the purpose of the soft tissue augmentation at the buccal free gingival margin of 
implant.  
In a case report Grunder et al. (2007) utilized a subepithelial connective tissue graft at the 
time of second stage implant surgery for soft tissue enhancement of the interproximal papillae in 
a full upper arch implant case. In this variation, the pontics were allowed to slightly apply 
pressure to the underlying to achieve good esthetic results. 
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The use of connective tissue grafts for papilla reconstruction procedures has been 
reported in case reports by Aubert (1994), Azzi (1998), (2001). The technique involves a 
semilunar incision performed just coronal to the MGJ on the facial gingiva underlying the 
recessed papilla. A similar incision was performed on the palatal aspect to allow coronal 
repositioning of the papilla and flap luxation. Split thickness dissection was performed to allow 
for a supra-periosteal pouch connecting both incisions, into which a connective tissue graft was 
introduced. The presence of a limited number of case studies allows for guarded conclusions to 
be drawn about the predictability of surgical papilla reconstruction. 
The Use of Abutments to Enhance Soft Tissue Height 
 
Guided Soft Tissue Regeneration proposed by Salama et al. (1995) utilized flared healing 
abutments placed at time of implant placement or after implant integration in attempt to tent the 
tissue vertically. The healing abutments were selected with a height capable of supporting the 
tissue and the flaps were mobilized coronally to achieve coverage over the healing abutments. 
This creates a space that is occupied by a blood clot, which eventually increases the soft tissue 
dimension around the implants. 
The Effect of Bone Remodeling Around Implants: 
 
The ability to predict the amount of bone remodeling around implants is important for a 
stable and predictable esthetic result since it supports the overlying soft tissue. It has been 
proposed by Abrahamsson (1996) that bone remodeling can accommodate biological width 
around implants. Albrektsson et al. (1986) suggested that 1.6 mm in the first year and 0.2 mm in 
the subsequent years should be considered a normal amount of bone remodeling. 
Hermann et al. (2001) used animal studies to investigate the factors involved in bone 
remodeling in different types of implants. They noted that in all one-part, non-submerged 
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implants, the most coronal bone-to-implant contact was found at the rough/smooth implant 
interface. In contrast, all two-part implants, both non-submerged and submerged, the most 
coronal bone-to-implant contact was consistently located approximately 2 mm below the micro 
gap. All bone changes were statistically significant and detectable one month after implant 
placement in non-submerged implants or after abutment connection in submerged implants. 
Implant positions were not significantly correlated to the amount of bone remodeling (however 
this may not apply to the buccal aspects). These results demonstrate that both the rough/smooth 
implant interface and the location of the micro gap have a significant effect on marginal bone 
formation as evaluated by standardized longitudinal radiography. Bone remodeling occurs 
rapidly during the early healing phase after implant placement for non-submerged implants and 
after abutment connection for submerged implants. 
In a study conducted by Buser et al. (2000) 59 implants were randomly placed in 
edentulous mandibular areas of five foxhounds, forming six different implant subgroups (types 
A-F). In general, all implants had both a relatively smooth, machined coronal portion and a 
rough, sandblasted and acid-etched (SLA) apical portion. Implant types A-C were placed in a 
non-submerged approach, while types D-F were submerged. In the submerged group, Types D-F, 
the interface was located either at the bone crest level (Type D), 1 mm above (Type E), or 1 mm 
below (Type F). Three months after implant placement, abutment connection was performed in 
the submerged implant groups. At six months, all animals were sacrificed. Non-decalcified 
histology was analyzed by evaluating peri-implant crestal bone levels. In the non-submerged and 
one-piece implants (groups A-C), that were placed at the bone crest level or 1 mm below 
respectively, the location of the smooth/rough border of the implants determined the level of the 
bone. In contrast, in all two-piece implants, the location of the interface (microgap) was 
associated with a significant amount of bone resorption (1.7mm.) These findings, as evaluated by 
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non-decalcified histology under unloaded conditions, demonstrate that crestal bone changes 
occur during the early phase of healing after implant placement (4 weeks). These changes 
depended on the surface characteristics of the implant and the presence or absence of an 
implant/abutment interface (microgap) and its location in relation to the osseous crest.  
Accuracy of Probing Around Dental Implants: 
 
Ericsson and Lindhe, (1993), using the beagle-dog model, examined the resistance to 
mechanical probing offered by clinically healthy gingival tissues and peri-implant mucosa at it’s 
interface with titanium dental implants. Probe penetration was shown to be more advanced at 
implants than at teeth (2.0 mm and 0.7 mm, respectively). At the implant sites, the probe tip 
displaced the junctional epithelium as well as the connective tissue portion facing the abutment 
surface in the lateral direction and stopped close to the bone crest. The tip of the probe thus 
stopped within the supracrestal connective tissue portion, and occasional rupture of some blood 
vessels resulted in bleeding. In contrast, at tooth sites, however, the tip of the probe consistently 
terminated coronally to the apical portion of the junctional epithelium, thus roughly identifying 
the bottom of the gingival pocket.  
Despite its lack of specificity, bleeding on probing (BOP) is a still considered as a clinical 
measure used to diagnose the condition and health of the apical portion of the periodontal soft 
tissues (Lindhe & Ericsson, 1993). In this study, bleeding on probing was sometimes observed 
around implants but rarely around healthy natural teeth. Based on current knowledge more 
evidence is needed about the value of probing and bleeding in relation to dental implants. 
Differences in anatomy, morphology and tissue-implant attachment (Lindhe 1991) are other 
factors that may have a role in bleeding following mechanical invasion. 
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Materials & Methods: 
 
Study Design: 
 
Sample Selection and Statistical Analysis: 
 
The present investigation was designed as a pilot / proof of concept case series which 
considers the effect of one variable to the standard 2nd stage abutment procedure. Dependent on 
the results obtained from this investigation, a decision to proceed with further randomized 
controlled trials may be made. There were no plans for randomization of subjects or placebo 
effects used for the purpose of this investigation. Subjects either agreed to participate in the study 
or decline. Results were compared to normal statistical variance in the periodontal literature.  
Subject populations were divided according to the relative position of their implants, and 
received the same investigational treatment. The papillary heights around implants were 
measured, and grouped in accordance to the position of the implants (i.e. adjacent to tooth or 
adjacent to implant). Since this was a preliminary investigation to test if the use of platelet rich 
fibrin has any effect on the peri-implant papillary height, there was no strong justification to 
enroll more subjects for the control group without preliminary data advocating the efficacy of 
PRF on the papillary height. Thus the use of historical controls of average peri-implant papillary 
height values from established implant literature served as an indication of whether this study 
would warrant further clinical trials to confirm the preliminary data.   
Sample Size Justification: 
 
o In this pilot / proof of concept study, the goal was to estimate the proportion of success 
after application of the PRF membrane in terms of increase in the papillary height in the 
context of dental implantation.  Based on clinical relevance success was defined as an 
increase in papillary height of at least 1.0 mm over baseline measures.  We expected that 
the proportion of success after application of the PRF membrane in the study sample to 
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be 90%.  We determined the lower bound of a 95% confidence interval for this level of 
success assuming the planned sample size of 25 subjects who could feasibly provide data 
during the study period (conservatively assuming one implant site per patient).  With this 
sample size, the lower bound of this confidence interval was 80%, an acceptable level 
that allowed us to plan for a future randomized trial of the application of PRF around 
dental implants for interproximal papillary enhancement compared to standard of care. 
Inclusion & Exclusion Criteria 
 
Inclusion Criteria: 
 
1. Standard implant placement at least 3 months prior to uncovering procedures in the 
Graduate Periodontology Clinic at Boston University. 
2. Pre-operative peri-apical radiographs exhibit no signs of bone loss around implants. 
3. Implants are to be restored in Boston University. 
4. Complete soft tissue closure over implant cover screw prior to uncovering procedure. 
5. Implants placed in area between maxillary central incisors to 2nd bicuspids. 
6. Adults 18 years or older. 
7. No significant change in medical history between implant placement and time of 2nd 
stage procedure that might contra-indicate any surgical procedure to be performed. 
Exclusion Criteria: 
 
1. Absence of keratinized tissue on the crestal ridge. 
2. Restored adjacent dental implant. 
3. Signs of bone loss around dental implant. 
4. Partial soft tissue coverage of the implant cover screw. 
5. Smokers. 
6. More than four adjacent implants to be uncovered in a single surgical procedure. 
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7. Distal of implants had no adjacent dentition/implants. 
8. Pregnant Women 
Study Design: 
 
The present investigation was designed as a Proof of Concept Case Series, having a 
maximum of twenty-five patients who had previously had dental implants placed 3 months or 
more before in the Boston University Periodontology Clinic and are ready for the 2nd stage 
procedure. 
Pre-operative (Base Line) Measures 
 
1. Review of the patient’s medical status and update of the patient’s medical history. 
2. Comprehensive oral examination, with full mouth periodontal charting. 
3. Radiographic examination of placed implant(s), for assessment of any signs of pathology 
or peri-implant bone loss, as well as to aid in determining the implant position. 
(Standardized on an operating at 70 KV, 7 mA, 1.4 seconds on a Schick by Sirona digital 
sensor. 
4. Pre-operational Intra-oral photographs were obtained for baseline records. 
5. Pre-operational healing abutment selection according to the implant manufacturer. 
6. Oral hygiene review and prophylactic gingival debridement. 
7. Upper and lower arch impressions were taken for baseline records. 
8. Healing abutment selection was dependent on the initial tissue thickness, to allow for 
adequate height over the adjacent gingival level, for all cases, 4mm healing abutments 
were selected.  
9. Patients were given a research id number during this pre-surgical appointment as their 
identification during the period of this study. 
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Surgical Appointment Visit: 
 
1. Update of the patient’s medical history if any changes have occurred. 
2. Measurement and recording of the patient’s blood pressure prior to commencement of the 
procedure. 
3. Venipuncture and PRF preparation protocol was performed as Introduced by (Choukroun 
et al. 2000) and in Accordance with the Guidelines of WHO. The amount of blood to be 
drawn was dependent on the number of implants to be uncovered in a single visit.  
 
N.B. Each 10ml of blood can produce one membrane. Due to the polarity of growth 
factor concentrations within the membranes resulting from its preparation we utilized 2 
membranes per implant with the orientation of the blood clot of each membrane in 
opposite directions to allow for a better growth factor release at the intended site of effect 
(interproximal area) and to improve the membrane longevity while the tissue progressed 
through the healing process. 
PRF Preparation Technique: 
 
PRF preparation involves a centrifuge separation of a small blood sample (10 ml 
tube) into two portions-one containing most of the red blood cells (RBC’s)and the second 
containing mostly fibrin, platelets and white blood cells.  After allowing the normal 
clotting mechanism to proceed, the upper portion of the clot (fibrin) is separated by 
cutting with sterile scissors. The gel-like cylindrical portion is then placed in a special, 
sterile compression box to flatten to form a membrane. This membrane can then be 
applied to a wound in the same patient (autologous graft). Nothing is added during the 
process - the clot is allowed to form naturally. The only effect is to concentrate fibrin, 
platelets and leukocytes.  
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The equipment required for PRF preparation includes: 
1. PC-02 (intra-lock) table centrifuge. 
2. Blood collection kit consisting of a 24 gauge butterfly needle and 10 ml blood collection 
tubes. 
3. L-PRF box 
4. Pliers for PRF handling 
5. Scraper for isolation of formed fibrin clot from remaining blood clot. 
6. A sample of blood without anti-coagulants using a 24 gauge needle butterfly needle to 
allow for collection in multiple tubes without multiple punctures. 
7. The tubes are immediately centrifuged at a rate of 3000 rpm for 10 min. 
8. Care has to be taken when placing the tubes prior to the centrifugation cycles, as the 
tubes have to be on opposing ends of each other in order to allow for proper balance 
during centrifugation. If the tubes are odd numbered, we place a tube of sterile water 
instead. 
9. During the centrifugation process, when the blood gets in contact with the test tube wall, 
the platelets are activated leading to the initiation of a coagulation cascade. 
10. After centrifugation, three layers are present. The topmost layer consisting of acellular 
PPP (platelet poor plasma), PRF clot in the middle and RBCs at the bottom of the test 
tube. 
11. The fibrin clot obtained after centrifugation was removed from the tube using the 
designated pliers and the attached red blood cells scraped off and discarded. 
12. The duration of time between blood collection and centrifugation process was an 
important parameter affecting the success and clinical outcome of this procedure. Slow 
handling of blood to centrifugation process will result in diffuse polymerization of fibrin 
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leading to the formation of a small blood clot with irregular consistency. Hence a 
reproducible protocol for PRF production was followed to obtain a clinically usable fibrin 
clot with massive enmeshment of platelets. 
13. For this reason, a timer was set once blood withdrawl was initiated. 
14. Once the clot has been obtained and the RBC layer scraped off, the PRF box was utilized 
to create either fibrin plugs, which are rounded and tubular in shape, or membranes, 
which are thinner and cover a wider surface area with a more rectangular outline. 
15. A small portion of the RBC layer was maintained attached to the fibrin clot, as the 
growth factors are reported to be concentrated in the area closest to this blood clot, 
therefore, leaving this junction in tact prevents inadvertently ridding the clot of a large 
portion of growth factors. 
16. The PRF box lid was then placed over the membranes, which allows for a steady form of 
pressure, to maintain the viability of the cells and growth factors, without dehydrating the 
PRF material, which can also lead to compromised bio-activity of the PRF material. 
17. Excessive serum was slowly forced through the holes present in the platform of the PRF 
box, this is reported to be high in certain growth factors such as PDGF and can therefore 
be preserved for other uses during the surgery (further discussed). 
18. For every 10ml of blood a membrane of about 15mm in length and 10mm in width can be 
formed. 
19. Previous studies reported that the highest concentration of growth factors is present at the 
area closest to the RBC layer, and therefore if trimming of the membrane needs to be 
performed, it should be done at the opposite area, again to avoid jeopardizing the efficacy 
of the material. 
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20. Once the material was prepared, and the donor site for the blood was controlled, the 
operator shifted to beginning the uncovering procedure. 
 
Figure 11: PRF Kit. A: Instruments to handle PRF membranes. B: Cover to protect membranes during 
operation. C: Tray with perforations to allow the drainage of the excess liquid to allow for formation of 
flattened membranes. D: Weighted cover to allow for constant compression force and formation of 
homogenous thickness membranes.  
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4. After adequate local anesthesia had been obtained, Measurement for Baseline 
Interproximal Tissue Thickness (ITT) (Investigational Purpose) was recorded to ascertain 
initial tissue thickness in relation to the underlying osseous crest, without causing the 
patient any discomfort. 
5. The uncovering technique used for the procedure was a conventional mid-crestal and 
intrasulcular incision design as described by Albrekeston (1989) and Ohrenell (1992). 
(Figure 12) 
 
Figure 10: Surgical Procedure: Left: Frontal View. A: Implant Exposure. B: PRF Membranes in Place. 
 
6. Soft tissue closure was performed allowing for a 1-2mm gap interproximally between the 
2 flap margins, this was done to encourage soft tissue proliferation between the 
interproximal tissue and the healing abutment (Figure 13). 
 
 
Figure 13: C: Suturing With PRF Left Exposed. D: Healing Abutment At A Level Higher Than The 
Tissue. E: Exuded PRF Fluid To Irrigate The Site. 
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Post-Operative Investigational Measurements 
 
I. Interproximal Papillary Height (IPH), visits 1,2,4,6 at mesio-buccal (MB), mesio-lingual 
(ML), disto-buccal (DB) and disto-lingual (DL) sites were measured. 
II. On the 6-week follow-up appointment interproximal tissue thickness (itt) was recorded 
on the direct proximal surface in addition to MB, DB, ML, DL measures for later 
comparison with baseline measures. 
Measurement Techniques: 
 
Post-operative Measurements of Interproximal Papillary Height (IPH): 
 
• A UNC periodontal probe was placed vertically on the four corners of the healing 
abutment (Figure: 14). 
o §  Mesio-buccal 
o §  Disto-buccal 
o §  Mesio-lingual 
o §  Disto-lingual 
• Measurement was performed from the highest point of the inter-proximal tissue level to 
the top of the healing abutment. (The healing abutment has a fixed height from the 
implant platform and the top was consistently above the level of the interproximal 
gingiva throughout the study as shown in figure: 13D). 
• The height of the papilla was then calculated by subtracting the number obtained (i.e. 
from tip of the papilla to the top of the healing abutment) by the the healing abutment 
length provided by the manufacturer (Figure: 15). 
• These measurements gave the investigator the height of the interproximal tissue in 
relation to the implant platform at each line angle. 
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• Measurements were repeated on the visits listed above for a total of 4 visits post-
operation. 
 
 
 
 
Figure 11: IPH Measurements At The Line Angles Of The Implant Healing Abutment (MB, DB, ML & 
DL) 
 
 
 
 
Figure 12: Diagramatic Representation Of The IPH Measurement. A: Length of the healing abutment 
provided by the manufacturer. B: Measurement from tip of the papilla to the top of the healing abutment. 
IPH: Measurement B-A= IPH. 
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Measurement of Interproximal Tissue Thickness (ITT): 
• Using a UNC Periodontal Probe (Hu-Friedy), the probe was placed perpendicular to the 
osseous crest on both mesial and distal aspects of the implant(s) at the highest point of the 
papilla(e). This served as a baseline measurement for the tissue thickness in that area 
prior to any surgical intervention or incisions were made. (Investigational purpose)  
• The same measurement was taken 6 weeks post-operatively to assess any change in tissue 
thickness resultant from the use of PRF (Figure 16) 
 
Figure 16: Post-operative Measurements of interproximal tissue thickness (ITT) 
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Statistical Analysis: 
 
Subject means were used for all analyses. 
Summary statistics (mean, median and standard deviation values) were computed for papillae 
heights by location: 
• Papilla between implant and natural tooth. 
• Papilla between two adjacent implants (If sufficient subjects meet the criteria). 
o  If warranted, repeated measures of analysis of variance for IPH measurements 
was computed at each of the following time points: 
                   o   1 week follow-up appointment 
                   o   2 week follow-up appointment 
                   o   4 week follow-up appointment 
                   o   6 week appointment 
• Analysis of Means for ITT at both baseline and final time points. 
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Results: 
 
Of the twenty-five patients that were allotted for the sample size of this study we were able 
to recruit 14 patients and complete the measurements for 11 patients with 13 implants. Three of 
the fourteen patients were lost to follow up or dropped out of the study. Three of the remaining 
thirteen implants had edentulous areas adjacent to them (1 mesial and 2 distal sites), and were 
excluded from the final analysis. An additional implant had bone loss on the implant adjacent to 
it that was noted at the time of uncovering and thus the mesial aspect of the implant that 
exhibited no marginal bone loss was also excluded from the analysis. The final sample 
population composed of 11 subjects (n=11) 5 females and 6 males. Forty-four peri-implant sites 
from eleven patient/implants were recorded over 6 weeks of healing. Of the 44 peri-implant sites, 
36 were sites adjacent to natural teeth and 8 were inter-implant sites. The following figures 
represent the mean measurements for IPH for the study population (Figure: 17 & Table 1). The 
ITT pre and post-operatively are represented in (Figures 18 & 19, Tables 2&3). The mean values 
for IPH were computed per site of measurement for each of the 6 visits. The mean baseline value 
for IPH1 immediately following surgery was 4.0mm. For The final measurement at IPH6, the 
mean height of the papilla for all sites was 4.1mm (STD DEV: 1.0mm). There were insufficient 
implants adjacent to other implants fulfilling the study inclusion criteria to stratify the data for 
implants adjacent to teeth or other implants. The mean ITT Pre measurements at baseline was 
2.6mm (STD DEV: 0.47mm) and 2.9mm (STD DEV: 0.93mm) for the mesial and distal sites 
respectively. The ITT Post measurements were 3.6mm (STD DEV: 0.93mm) and 4.4mm (STD 
DEV: 1.28mm) for the mesial and distal aspects respectively.  
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Figure 13: Mean Interproximal Papilla Height Over 6 Weeks for Study Population (N=11). 
 
 
Site IPH1 IPH2 IPH4 IPH6 
Disto-Buccal 4.1	mm 5.0	mm 4.5	mm 4.6	mm 
Disto-Lingual 3.8	mm 4.5	mm 4.4	mm 4.4	mm 
Mesio-Buccal 4.0	mm 5.3	mm 4.6	mm	 4.5	mm 
Mesio-Lingual 3.7	mm 5.0	mm 4.5	mm 4.1	mm 
 
Table 1: Interproximal Papilla Height. Measurements were taken at the time of surgery (IPH1), 2 weeks 
(IPH2), 4 weeks (IPH4) and 6 weeks (IPH6). 
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Figure 14: I.T.T. Mesial Pre-Operatively and Post-Operatively 
 
 
Figure 15: I.T.T. Distal Pre-Operatively and Post/Operatively 
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Mesial Sites ITT Pre ITT Post 
Patient 1 Tooth #12 3 4 
Patient 2 Tooth #6 3 4 
Patient 3 Tooth #4 3 3 
Patient 4 Tooth #5 3 2.5 
Patient 5 Tooth #11 2 3 
Patient 6  Tooth #7 3 6 
Patient 7 Tooth #7 2 3.5 
Patient 7 Tooth #10 2 3 
Patient 8 Tooth #13 2 2.5 
Patient 9 Tooth #11 2.5 3 
Patient 10 Tooth #6 3 4 
Mean 2.6 3.5 
St deviation 0.47 0.95 
Mode 3 3 
 
Table 2: I.T.T. Mesial Pre-Operatively And Post-Operatively.  
Pre-Op Mean: 2.6mm, Range: 2-3mm 
Post-Op: 3.5mm, Range 2.5-6mm 
 
Distal Sites ITT Pre ITT Post 
Patient	1	Tooth	#12	 3.5 4.5 
Patient	2	Tooth	#6	 5 5 
Patient	4	Tooth	#5	 3 3 
Patient	5	Tooth	#11	 3 4.5 
Patient	6	Tooth	#8	 3 6 
Patient	7	Tooth	#7	 2 3 
Patient	7	Tooth	#10	 1.5 3 
Patient	8	Tooth	#13	 3 5 
Patient	9	Tooth	#11	 2 3 
Patient	10	Tooth	#6	 2 7 
Patient	11	Tooth	#4	 3.5 4 
Mean 2.9 4.4 
St Deviation 0.93 1.28 
Mode 3 3 
 
Table 3: I.T.T. Distal Pre-Operatively And Post/Operatively 
Pre-Op Mean: 2.9mm, Range 1.5-3.5mm.  
Post-Op Mean: 4.4, Range 3-6mm  
 
  
 53 
Discussion 
 
 The  addition of PRF membranes at time of second stage uncovering did not appear to 
significantly improve the interproximal papillary height at the line angles around osseointegrated 
dental implants. However; a trend in increased interproximal soft tissue thickness (from the bone 
crest to the maximum height of the interproximal tissue) has been observed at the 6 week healing 
period, which has not been shown before in the literature. Different approaches in developing the 
interproximal papilla and resolution of black triangles have been advocated in orthodontic, 
restorative and periodontal literature (Wang et al. 2010). Minor orthodontic movements and 
changes in restorative contours may compensate for soft tissue discrepancies and even improve 
the interproximal papillary height between teeth. However; with respect to surgical papilla 
augmentation, there appears to be no single technique that has been proven to efficaciously 
augment the interproximal papilla height around natural teeth or dental implants. Most surgical 
techniques have incorporated the use of soft tissue grafts in either autogenous or allogeneic 
forms to increase tissue thickness interproximally, consequently improving the appearance of the 
interproximal papilla.  
The height of the peri-implant papilla as shown in the literature review is governed by 
several factors, which when combined, allow for enhanced papillary fill whether between 
implants and natural dentition or between two implants. It has been shown in the literature for 
natural dentition, that the presence of an adjacent tooth attachment and the size of the gingival 
embrasure formed by these teeth are responsible for the height of the papilla. This concept was 
evaluated in 1982 by van der Velden, who surgically removed interdental papillae in healthy 
sites and subsequently measured the tissues as they regenerated. The tissue rebounded an average 
of 4.3 mm and had a mean sulcus depth of 2.2 mm. These findings were complemented in later 
studies by Kan (2003), and Cosygn (2013), in which they showed that the presence or absence of 
 
  
 54 
the interproximal papilla between an implant supported restoration and adjacent natural tooth 
was determined by the interproximal bone level on the adjacent tooth, with a higher prevalence 
of papillary fill in sites were implants were placed next to natural teeth. The presence of the 
interproximal papilla was also investigated in a retrospective study by Gastaldo et al. (2004) who 
showed that a tooth to implant or tooth to pontic relationship had similar dimensions in terms of 
the distance of the interproximal alveolar crest to the base of the contact. However, when two 
adjacent teeth were missing, whether restored by two implants or two pontics, the vertical soft 
tissue height was always lower than in cases where the teeth were present. Due to the sample 
population in the current study, which was less than the twenty originally planned, conclusions 
regarding the obtained data comparing the papilla height between teeth and implants and 
adjacent implants cannot be made. The use of control groups with longer healing periods may be 
required to further validate the preliminary data obtained in this study. 
With regards to tissue thickness, within the scope of the present data, a trend towards 
increase tissue thickness interproximally is a positive finding. Increased peri-implant tissue 
thickness has been shown to be related to decreased peri-implant bone loss (Kan, Lickenvicus & 
Berglundgh), and therefore could be beneficial for peri-implant bone maintanence. 
Since the initial design of the current study did not involve having a control group, pre-
established controls were selected from the literature to compare the outcomes of our preliminary 
data. In a study by Shahidi et al. (2004), the authors sought to assess the efficacy of a novel 
surgical technique intended to enhance the height of the interproximal papilla around dental 
implants at the time of second stage uncovering. Since their study was conducted at Boston 
University, we utilized the same methods of measurements proposed by the authors in attempt to 
have more comparable data. The authors reported mean values for the height of the interproximal 
papillae around implants placed adjacent to natural teeth and adjacent implants similar to that 
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reported by Tarnow and Cosygn (2003). Additionally, their study evaluated the interproximal 
tissue thickness around implants following the uncovering utilizing the same measurement 
techniques as the ones we utilized. They reported that for implants adjacent to natural teeth in 
their control groups, the mean baseline average papilla height was 4.73 mm (SD 1.13) with a 
range of 1.0-5.5mm, compared to the mean papilla height of 4.0mm for our baseline results. At 6 
months after the uncovering procedure, the mean papilla height was 3.4mm for the control group 
and 4.0 mm for their test group compared to 4.1mm for our test group. They also compared the 
baseline tissue thickness for their control group which was 3.4mm (SD 0.96) to the test group 
which was 2.96mm (SD 1.03). For our study, we had a baseline tissue thickness of the mesial 
sites of implants of 2.6mm and 2.9mm for the mesial and distal sites respectively. At six (6) 
weeks following the uncovering surgery, we were able to achieve a post-operational ITT of 
3.5mm and 4.4mm for the mesial and distal sites respectively. This may be attributed to the 
addition of PRF around the implants compared to their study in which no addition of any 
materials was performed. Also, their evaluation was performed at 6 months post-operatively 
following tissue maturation compared to 6 weeks in this study.  
In a retrospective clinical study performed by Jemt et al. (1997), the authors evaluated 
digital photographs to assess the reformation of the interproximal papilla around implants. They 
found that when the soft tissue was allowed to heal after the second surgery, an obvious 
recession of the proximal soft tissue occurred and only in a few cases had regained optimal 
papilla contour at the time of crown placement. However, after 1 to 3 years, an average of 1.00 
mm of papillary rebound was observed and a majority of the papillae (58%) were completely 
recovered and in harmony with the adjacent teeth. Furthermore, in a 3-year prospective 
multicenter study by Cooper et al. (2007), despite the fact that the surfaces with inflammation 
decreased, a mean gain in papilla length of 0.61 mm occurred. Priest (2003), in a retrospective 
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study based on photographs, evaluated patients for a period from 1 to 9 years (mean 3.5 years) 
and found that papillae regenerated in 83.9% of implants for a mean growth of 0.65 mm mesial 
and 0.62 mm distally. The use of standardized radiographs in our current study may have aided 
the follow up of these patients for longer periods, to assess assess the levels of crestal bone and 
amount of papilla rebound. 
According to the manufacturer recommendations, the PRF material may be prepared in 
either a flattened membrane fashion or in a thicker “plug” form typically used in extraction 
sockets. These two preparation methods are performed under a controlled, weighted force of the 
PRF box. This allows for slow compression of the harvested fibrin, releasing the platelet poor 
plasma, while preserving the viability of the enmeshed platelets. The use of the membrane form 
was decided upon in this study in order to increase the surface area of coverage of the surgical 
site while decreasing the amount of blood that needs to be harvested. In retrospect, this may have 
decreased the concentration of growth factors within the surgical site. A modification of the PRF 
preparation in a “plug” fashion, may have increased both initial growth factor concentration as 
well as the initial thickness and rigidity to support the height of the interproximal papillae over 
the initial healing phase, these speculations require further investigation.  
The use of autologous blood eliminates any antigenic reactions that may be experienced 
by the patient, along with any possibility of disease transmission. Additionally, the protocol for 
the L-PRF preparation does not involve introducing any foreign materials to the blood. To the 
author’s best knowledge there is no literature reporting on any potential hazards or infections 
caused by the use of Platelet Rich Fibrin. On the contrary, there are clinical reports that provide 
indications for the use of PRF in treatment of minor chronic infections due to its incorporation of 
leucocytes in the fibrin matrix. 
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An argument can be made that the need for multiple steps in PRF preparation may 
increase the risk of contamination. This may also be compounded by the duration the PRF is left 
chairside which may influence the degree of cellular viability within the PRF preparations. In 
attempt to reduce these possible complications, the PRF preparation protocol was performed 
under aseptic surgical conditions which allows for minimal risk of material contamination as 
addressed by Choukroun et al. (2012). The blood draw was performed once the patient was 
anesthetized just before surgical exposure was attained, in order to minimize the possible time 
the PRF was left outside the surgical site. The use of autologous blood eliminates any antigenic 
reactions that may be experienced by the patient, along with any possibility of disease 
transmission. Additionally, the protocol for the L-PRF preparation does not involve introducing 
any foreign materials to the blood with all components and instruments kept in sterilized sealed 
bags until the membrane preparation is required. 
Regarding the measurement accuracy, the lack of a standardized reference method such 
as a prefabricated stent to allow for repeatable positioning of the probe angle may have had an 
influence on the difference in measurements between different sites. Another factor that may 
have affected the measurements obtained is the amount of bone remodeling that can occur 
following the abutment connection procedure. Variation in the underlying osseous topography 
surrounding the implants may have affected the depth of penetration of the probe for both the 
papillary height measurements and tissue thickness. Since different implant systems were 
utilized in this study, the amount of crestal bone remodeling may have introduced a degree of 
variability. The use of standardized radiographs in this current study may have been beneficial in 
assessment of this relationship. 
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Conclusion: 
 
 
 Within the limitations of the current data, the use of PRF did not appear to have a 
sufficient impact to completely counteract or overcome the physiological and anatomical tissue 
adaptations that work against development of the ideal soft tissue papilla reconstruction 
following implant healing and subsequent tissue remodeling.  
The use of standardized radiographs added to the current protocol would have aided the 
follow up of these patients for longer periods, and allowed investigations of the effects of crestal 
bone levels on the amount of papilla rebound at individual sites. 
 PRF appears to have a positive influence on the increase of interproximal tissue 
thickness. Control sites, standardized measurements of the surgical sites and radiographs, as well 
as long term follow ups would be needed to validate those speculations. 
PRF may have clinically improved the interproximal tissue thickness (ITT) but also 
appears to have hastened the healing time of the interproximal tissue. If this “faster response” is 
a predictable feature of PRF addition at the time of second stage uncovering surgery, it would 
protect the peri-implant marginal bone and shorten the papilla restitution time which would 
protect the underlying marginal bone and satisfy the clinician/patient’s desire for a faster and 
more complete restoration of the soft tissue esthetics around dental implants 
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Appendices 
 
Appendix A 
 
Background on Dental Implant Therapy and Platelet Rich Fibrin: 
 
Dental implant rehabilitation is often staged into surgical and prosthetic/restorative 
phases. The surgical aspect entails placement of a titanium/titanium alloy fixture anchored in the 
bone of the edentulous site, providing mechanical support for the future restorative structure. The 
fixture is surgically drilled into the bone, sealed with a cover screw and submerged under the 
gum margins for 3-4 months to allow for integration of the implant surface with the surrounding 
bone as well as soft tissue coverage over the implant. A second surgical uncovering procedure is 
performed to allow for exposure of the implant in preparation for the restorative phase of 
treatment. This 2nd stage uncovering or abutment surgery involves a single mid crestal incision 
over the middle of the cover screw. After reflection of the adjacent soft tissue in the form of 
buccal and lingual flaps, the cover screw is removed and replaced with a temporary, cylindrical 
healing abutment extending from the platform of the implant fixture to a level superior to the 
gum margins covering the implant(s).  The flaps are then sutured back against the abutment(s) to 
allow formation of a soft tissue collar. The healing abutment is shaped to aid in developing 
natural soft tissue contours around the implant(s) and future restoration(s). The small areas of 
soft tissue formation between the implant(s) and adjacent tooth or implant have a varied response 
to this procedure. Ideally, it is desirable that this soft tissue mass grows into a pyramidal shape 
which fills this space and reforms the interdental papilla. This does not always happen, especially 
when the original tissue cover is thin. After adequate soft tissue healing time (between 2-3 
weeks), the restorative procedures are then initiated for final prosthetic reconstruction. 
 
 
  
 60 
Appendix B: 
 
Surgical Procedure: 
 
1. Initial incisions are performed in a mid-crestal fashion using a no. 15 blade over the 
edentulous area, extending into the sulcus of the neighboring teeth. 
2. After initial incisions, a UNC periodontal probe was placed perpendicular to the osseous 
crest, in order to measure tissue thickness and rounded off to the nearest millimeter. 
3. Final incisions were carried out, incising the periosteum. 
4. Sulcular incisions were extended in areas where the implant was adjacent to natural dentition, 
both to the mid-buccal and and mid-palatal surfaces to allow for easier flap reflection. 
5. Using a back action chisel or GF 7 knife, full thickness buccal flap reflection was performed, 
leaving the palatal tissue intact. 
6. The palatal flap was reflected using a periosteal elevator, to allow sufficient visualization of 
the peri-implant bone, access to the cover screw and placement of the healing abutment 
without any soft tissue interference. 
7. The implant was inspected for any signs of bone loss, especially buccal plate thickness. 
8. The implant cover screw was removed using the appropriate screwdriver for the implant 
system. 
9. The PRF membranes previously prepared and stored in the PRF box pre-surgically, are 
placed over the surgical site, to assess the amount of trimming that would be required. 
10. The trimming of the PRF length was done using scissors, on the end away from the red blood 
cell clot. This was to preserve the high concentration of growth factors, present near that end. 
11. Once trimmed to appropriate length, the PRF membrane was situated in a mesiodistal 
position, with its center right over the implant cover screw.  
12. This can be easily visualized due to the translucent properties of the fibrin membrane. 
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13. Another membrane was trimmed in the same fashion and placed over the 1st membrane; 
however, with the RBC clot on the opposite side, this was to ensure: 
A. Flow and similarity in quantity of growth factors in both directions. 
B. Prolong the physiological resorption period of the membranes, and thus providing a 
healing scaffold for migrating and remodeling cells and tissue as well as 
additional/prolonged release of growth factors. 
14. Using a new no. 15 bard parker blade, a 2-3mm incision was placed in the membrane over 
the implant hex, this incision serves to: 
A. Provide an easy point of entry for the healing abutment attachment. 
B. Prevent rotation of the membrane during seating of the healing abutment. 
15. The PRF membranes were adapted in a position such that: (Investigational purpose) 
I. The incisions performed in the membranes lie over the center of the implant. 
II. The two membranes are in opposite orientation (mesio-distally) to allow for equal 
concentrations of growth factors on either side of the implant under the interproximal soft 
tissue. 
16. The healing abutment selected, was then unpackaged and screwed into position to secure the 
PRF membranes in place. 
17. A Peri-apical radiograph was taken to ensure complete seating of the healing abutment 
18. The pooled out serum at the base of the PRF box that was prepared prior to the surgical 
procedure, was aspirated via a disposable plastic needle and used to irrigate the surgical site 
prior to wound closure. 
19. Simple interrupted suture technique using 4-0 chromic gut sutures were performed both 
mesially and distally of each implant leaving a 1-2mm gap where PRF was exposed. 
20. In case two adjacent implants are present, only one suture interproximaly was utilized. 
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21. The most-coronal aspect of the soft tissue margins were measured around the implants from 
the osseous crest on 4 aspects of the implant. (described in measurements section). 
22. Remaining pooled out serum was used to irrigate the wound after suturing w completed. 
23. Patient was given Post-operative instructions verbal and written. 
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Appendix C: 
 
Follow-up appointments: 
 
1.  1-week follow-up of healing. 
2.  2-week follow-up of healing. At the 2-week appointment the patient was scheduled for a 
consultation visit with the prosthodontics resident to initiate implant restoration procedures. 
3.  4-week appointment final impressions visit 
4.  6-week appointment for abutment try-in. 
 
 
Figure 20: A: Pre-op view. B: Immediate Post-op. C: Occlusal View Post-op. D: I.T.T. Measurement at 6 
Weeks. E: Probe Placed to Illustrate the Height of the Papillae. F: Final Healing at 6 Weeks Following 
Measurements and Healing Abutment Insertion. 
. 
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Journal Abbreviations 
 
Acta Odontol Scand: Acta Odontologica Scandinavica 
Alpha Omegan: Alpha Omegan 
Clin Oral Implants Res: Clinical Oral Implants Research 
Clin Oral Investig: Clinical Oral Investigations 
Clinical Oral Implants Research: Clinical Oral Implants Research 
Compendium: Compendium Of Continuing Dental Education 
Contemp Clin Dent: Contemporary Clinical Dentistry  
Dent Clin North Am: Dental Clinics Of North America 
Eur J Esthet Dent : European Journal Of Esthetic Dentistry 
Eur Rev Med Pharmacol: European Review For Medical And Pharmacological Sciences 
Int J Dent: International Journal Of Dentistry 
Int J Oral Maxillofac Implants: International Journal Of Oral And Maxillofacial Implants 
Int J Oral Surg: International Journal Of Oral Surgery 
Int J Periodontics Restorative Dent : International Journal Of Periodontics And Restorative 
Dentistry 
J Clin Diagn Res: Journal Of Clinical And Diagnostic Research 
J Clin Invest: Journal Of Clinical Investigation 
J Clin Periodontol: Journal Of Clinical Periodontology 
J Dent Res: Journal Of Dental Research 
J Implant Clin Adv Dent: Journal Of Oral Implantology Online 
J Oral Implantol: Journal Of Oral Implantology 
J Oral Maxillofac Surg: Journal Of Oral And Maxillofacial Surgery  
J Periodontal Res: Journal Of Periodontal Research 
 
  
 65 
J Periodontol: Journal Of Periodontology 
J Periodontol2000: Journal Of Periodontology 2000 
Int J Oral Maxillofac Surg: International Journal Of Oral And Maxillofacial Surgery 
Oral Surg Oral Med Oral Pathol Oral Radiol Endod: Oral Surgery, Oral Medicine, Oral 
Pathology, Oral Radiology 
Srp Arh Celok Lek Srpski Arhiv Za Celokupno Lekarstvo: Srpski Arhiv Za Celokupno 
Lekarstvo 
Surg Endosc: Surgical Endoscopy 
Surg Oral Med Oral Pathol: Oral Surgery, Oral Medicine, Oral Pathology, Oral Radiology 
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